OBLON» SPI VAK, ET AL 
DOCKET #:246236US2S 
INV: Yuui SHIMIZU, ct aL 
SHEET J OF_I3_ 



lhard 



FIG. 1A 

(PRIOR ART) 



FIG. 1B 

(PRIOR ART) 



*0" N2. 
data V 



4- lb JS1 
data 

; ^N1 




lhard 




FIG. 3A 



FIG. 3B 



FIG. 3C 



OBLON, SP1VAK, ET AL 
DOCKET #:246236US2S 
INV: Yuui SH1MIZU, et al. 
SHEET. 



O 
CSJ 



CO 
CSJ 



I 

CO 



LO 



Row dec oder 

\ i 



Driverl Driver2 



CSJ 



CO 



CD 

o 
o 

CD 



O 



CD 

cz 

-I CO 



CD 
> 



- a 



H co 

CD 
> 



- a - 



i 

o 



i 



oo 



CO 



CO 



co 

CD 

o 
>> 
o 

CD 



csj 

I „ 
o 



CVJ 

I « 



CSJ 

oo 



CD 



CO 
k_ 
CD 
> 

Oh 



Sinker 



u 



Row decoder 1 



CD 
"O 
O 
O 
CD 



O 



CSJ 
CO 



CSJ 
CSJ 



oo 

CSI 











Q. 




C 


CD 




> 


CO 


CD 




O 


CO 


CD 







CSJ 























CO 


CD 


co 


> 


CD 




k- 


CD 


"a 


O 




CD 




k. 



1^6 



CD 
O 

c 

CD 

cr 

CD 
GO 



CO 



CO 




CO 


k_ 


CD 


CD 


k_ 


k- "O 




CD "O 


-a -m co 


CO 


CO 




SZ 


5= 


bJO-M 


O 


CD 


cn 


& 




CO 




CO 




CD 




L. 








-a 


CD 


CO 


k- "O 




CD -a 


c 


-M CO 




CO 


13 


-C 




buO-M 


O 


CD 


O 


k- ^ 



CO 





LO 


7 


7 












k_ 


k_ 




CD k_ 


o 




+-> CD 






CO -M 


CO 




C 


k_ 




bO Z3 


CO 




CD O 


Q_ 




k- o 






O 




— -C 






— +J 

co 

Ll_ & 



CO 



CSJ 
V- 

CD 
-M 
CO 



CD 



bJO Z3 
CD O 
k- O 



CO 



o 
+J 

CO 
k_ 
CD 

CD 
bJO 



O 
O 

CJ> 



CSI 





k_ 




o 




+-» 




o 


CD 


CD 






O 


CD 




CO 



.co 

CSJ 



CSJ 



CSJ 
CD 



CD 

> 



OL 
O 



CO 
CO 



CO 
CO 
CD 



CO 
CO 
bp 

CO 



3 CO ^ S CD 

O — O 

CO 

CO CO 

Q CD 



o 

CO 



OBLON, SP1VAK, ET AL 
DOCKET #:246236US2S 
INV: Yuui SHIMIZU, et al. 
SHEET 2 OF 13 




OBLON, SPIVAK, ET AL 
DOCKET #:246236US2S 
1NV: Yuui SHIMIZU, et al. 
SHEETS O F 13 



CLK 



FIG. 5 




777" 



MTJ1 



d — d — d — d — d — d— d — d — d — d — d 



d — d — d — d — d — d — d — d — a — d — cb 



d — □ — □ — □ — cb — □ — d — d — d — d — d 



d — d — d — d — d — d — d — d— d — d — d 



d — d — d — d — d — d — d — d — d — d — d 



o — o — o — o — o — o — o — d — d — d — o- 



d — d — d — d — d — d — d — d — d — d — d 



d — d — d — d — d — d — d — d — d — d — d 



d — d — d — d — d — d — d — d — d — d — d- 



rttttttttt 




© "1"/"0" data setting 





FIG. 7 



OBLON, SPIVAK, ET AL 
DOCKET #:246236US2S 
INV: Yuui SH1MIZU, el aL 
SHEET S O F 13 



Start | 



*IF (carry signal from most 
significant bit)=1 



Ax i s-of -easy-magnet i zat i on write data register IEDR=[0]| STEP1 



Reset fai I counters land 2 | STEP2 



Set column address register CAR[1 :m] = [0. . . 0] | STEP3 



Execute one-axis write along axis of easy magnet i zat i onW 



Add 1 to least significant address of CAR 



*Ljf_.CARJJJ_m]_=JO_._._._q]_> 

Bp 



No 



STEP4 



Set row address register RAR[1 :n] = [0...0] 



] 



Execute one-ax i s wr i te a I ong ax i s of hard magnet i zat i on H - 



Add 1 to least significant address of RAR 



] 



* L Jf__RAR_[JJ_n] _= [0._._._0] j- 

Write rylsl 
Read _JL 



No 



^STEP5 



Set CAR[1 :m] = [0...0] I STEP6 



Set RAR[1:n] = [0...Q] | STEP7 



Compare resistance value of memory 
cell with reference value 



PASS ?? 

__ __. 

Tesl 



STEP8 



STEP9 



No 



Add 1 to fa i I counter 1 
T 



Add 1 to least significant 
address of RAR 



! Fai I counter 1 > A ? HYes 
1 




Add 1 to fai I 
counter 2 



STEP10 



_RAR_[_Un] = [0._._._0] __ j * 

Sl ^ 

Add 1 to address of CARK 



Fai I 


counter 


2 > 


B ? 



- fNol 



^Yesl 



Set fai I 
flag 



Reset fa i I counter 1 | 


EWIMCUd3£^HII] * STEP1 2 

Add 1 to IEDrThfNo>HlEDR=[1]H Yes H End h *— 



STEP 
11 



FIG. 6 



OBLON, SP1VAK, ET AL 
DOCKET #:246236US2S 
1NV: Yuui SHIMIZU, et al. 
SHEET 6 OF _13__ 



O 
CNJ 



LO 
— ► 



Row decoder 



Driverl Driver2 



CNJ 

CNJ 
CO 



-co 



I 

CO 
CO 



CO 

o 
o 

CO 



o 



A A 



CO 
CNJ 



CD 



H co 

CD 
> 



I 

O 



I 



I 

oo 



CO 



CO 



CO 



CD 

o 



o 

CD 



CNJ 



CNJ CNJ 



CNJ 
I 



CNJ 



CD 



GO 



CO 

CD 
> 



- Q 



CD 
1-1 "O 

o 
H o 

CD 



cz 

Z3 

o 



Sinker 



Row decoder 



i 

CNJ 
CO 



CNI 
CNJ 



OO 
CNJ 



CL v_ 

CZ CD 

— 

CO CD 

-M O 

CO CD 



c^^O 



I — 

CNJ 



+J 








Q_ 




CZ 








CO 


CD 


CO 


> 


CD 






CD 




O 




CD 


-< 





CD 
O 

cz 

CD 
Z3 
O" 
CD 
OO 





CO 




to 




CO 


CD 




-a 


"O 


cd -a 


"O + J CO 


CO 


CO 

— JZ 




CXO-M 


o 


CD 


cx: 





CNJ 

s co 

CO 



OO 

or 



CO 



CO 




CO 




CD 




v_ 




-a 




-a 


CD 


CO 


-a 




CD "O 


cz 


+-» CO 




CO 


Z3 


-CZ 




bO-M 


O 


CD 











CO 


7 


7 


7 










CNI 
















CD 




CD J— 


o 




-M CD 




4-j CD 






CO +-» 




CO -M 


CO 




— cz 




cz 


ar 




bJO Z3 
CD O 




bJO Z3 
CD O 


Q_ 




o 




k- O 










O 




-CZ 




-CZ 


CJ> 




— +J 

CO — 




— +J 

CO 

Ll_ 



o 

-M 
CO 
l_ 

CD 
CZ 
CD 

bJO 



CNJ 



o 

CD CD 

-a — 

O CD 
S CO 



52— (!) 



CNJ 



OO 
CD 



CD 
> 



ZJ 
O 



t1> 

>>QZ <-Oo 



CO 
CO 



CO 
CO 
CD 
v_ 

-a 



CO 

co 
up 

CO 



4^ M S ScO- 

ZJ CO ^ S CZJ 

o — o 

CO 

+J 4-J 

CO CO 

Q CD 



O 
O 

OO 



OBLON, SPIVAK, ET AL 
DOCKET #:246236US2S 
INV: Yuui3HIMlZU,etal. 
SHEET 7 O F 13 



60-1 



To Driver/sorce 
-< 



60-2 



To Driver/sorce 



60-- 



To Driver/sorce 



60-' 



To Driver/sorce 



60-S 



To Driver/sorce 



To Driver/sorce 



To Driver/sorce 
-< 



60-* 



To Driver/sorce 



i — A0B 



1— AO 
— A1B 
J — A2B 



J — A2B 



l — AO 




-AO 




l — AO 





TESTENW 



v. 



FIG. 9 



OBLON, SP1VAK, ET AL 
DOCKET #:246236US2S 
INV: Yuui SH1MIZU, ct at 
SHEET JL_ OF__l3_ 



O 
CNI 



— ^ 



Row decoder 



CNl 

! 



Dr iverl |Dr i ver2h ^ 



CO 



CO 



cd 

o 
o 

CD 
"O 



O 



A A 



CO 

eg 



_ - CO 



CD 



CO 



CD 
> 



- Q 



CD 



I 

O 



I 



CO 



\ 

CO 



CO 



CO 
CD 

o 
>* 
o 

CD 



{pL — (F , 



CVJ 



Csj 

I , 

O 



CSJ 



CSJ 
csj 



i 



CD 



CO 



col- 

CD 
> 



CD 

■o 

O 
O 
CD 



O 



Sinker 



Row decoder 



CSJ 
CSJ 



oo 

CSJ 











Q_ 




C 


CD 




> 


CO 


CD 


+-> 


O 


CO 


CD 







CSJ 



4-» 








Q. 




C 








CO 


CD 


CO 


> 


CD 






CD 


™o 


O 




CD 







2 



CD 
O 

cz 

CD 

CT 
CD 
CO 



CO 



CO 




CO 




CD 


CD 






~o 


CD TD 


~a -H co 


CO 


CO 










o 


CD 


en 


>- ^ 




CO 




CO 




CD 




i— 




"O 




■o 


CD 


CO 


i- -a 




CD 


C+J CO 




CO 


=3 






bJO-M 


~o 


CD — 


o 





CNI 

. i ^ 

1 *-v^» 



CD 



CO 



CO 



CO 
CO 



CSJ 

o 



o 



CO 
i_ 
CD 

-M 
CO 



CD 



bJD 3 
CD O 
O 



CO 



CD 
+-» 
CO 



CD 



buO ZJ 
CD O 

a 



co — 



CO 

cn 



LO 
CO 



3 



CD 



CSJ 

CD 
+-> 
CO 

CD 



CO 



O 
«M 
CO 
^_ 
CD 

CD 



CO 



CSJ 



o 

CD CD 
TD 

O CD 
S CO 



.CO 
CSJ 



to. 

CSJ 



.CO 



CD 
> 



Ql 
O 



D CO ^ S Ca 

o — o 



CO 
4-» 
CO 



CO 
CO 
CD 



CO 
CO 

c: 

CO 



CO CO 
Q CD 



O 
OO 



OBLON, SPIVAK, ET AL. 
DOCKET #:246236US2S 
INV: YuuiSHIMIZU, et aL 
SHEET 9 OF 13 _ 



Memory eel I 
with MTJ 




FIG. 11 



S/A 



38-1 



Column decoder 



31-2 



s7a| I S/A | | S/A | | S/A | 
38-2 38-3 38-4 38-5 



FIG. 14 




403 



OBLON, SPI VAK, ET AL 
DOCKET #:246236US2S 
1NV: Yuui SHIMIZU, et al. 
SHEET 10 OF 13 



GO 
O 



_^A. 

1? 



-K3-W- 



-KJ— Kh 



UuuuuJ 
pnmnri 




I 



CD 



CVJ 



o 

OJ 



i 



I— \— 

o o 



—I cz> — 
CJ> Q Q 



bJO 



Q- O 
E O 
CO — 
CO o 



CO 
CO 
CD 

no 



O 



Q£ CC X 

\ OO CO 

X Ll Ll 

Q_ O— J 

GO <=>CJ> 



GO Z -J 
or <^> 



f -t-H 

V i— i— i- 



CO 
CO 



O 

or 

Q- 



O 

oo 



o 

GO 

o 



J 



GO — — 

by — 1 i 

Q£ S I— 
LU GO 
Q O 



OBLON, SP1VAK, ET AL 
DOCKET #:246236US2S 
INV: Yuui SHIMIZU, et al. 
SHEET 11 OF 13 



CO 



CD 
-M 

CD 

o 

Q. 

CD 

<D 



— 
3 



CD 
O 



o 

CO. I 




O 



cz 




o 


o 






o 


o 




CD 


"O 


CO 


o 






bJO 


Q. CZ 


CD 




k_ 


CO 




CO 


o 


CD 




O 




O 




i_ 


-< 


Q. 



CD 

buO 



LO 



CO 



o o 

—I o 



LO 
CVJ 
CVJ 



















CO c= 


CO 


CO o 


-Q 


CD 


CD 


O -M 


CO 


O O 


CO 


1- CD 




CO 


Q_ CO 



CO 
CvJ 



o 

CNJ 







CD 


d 


> 


O 


CD -M 


O 


o 


CD 


CD 




CO 



CD 
>% M 

O 

C CO 
CD CD 
3 SZ 
CT-M 
CD £3 
i~ 

Ll_ CO 



CO 

o 

CVJ 



i 



o 

CSJ 



CD 



e o 



CO 

sz 

CO 







CD 




i_ 




CO 




.c 




CO 




CO 




c 


o 


cr 




CD +-» 




o 




CD 


-< 


CO 



CNJ 
O 
CvJ 



CVJ r 



O 
CD 
CO 



CO 
O 



o 
o 

o 
o 

CVJ 



CvJ 
CVJ 



LO 
CO 
CVJ 



CO 
CO 
CVJ 



CO 
CVJ 



CO 
CVJ 



CvJ 
CO 
CVJ 



Cvj 
CVJ 





CO 




CO 




CVJ 


c 




o 








"co 








CD 




Q_ 


o 


O 






-*— 1 


>» O 


CD 


CD 


>^ 


CO 










o 




CO 


CO 




CZ 


>» 


L_ 




CD 


o 


-M 




X 


CD 


LJJ 




> 





1 



CO 
CVJ 
CM 







CVJ 








>% 


\ 












C 


>% 




o 






i— 


CO 


E= 




CD 


O 




CD 




-M 










X 


CD 








LU 





CvJ 
CVJ 
Cvl 



CO 



cD- 
co 



o 

CD 
CO 



O 
CJ> 

o| 

CM 
CVJ 



OBLON, SPIVAK, ET AL 
DOCKET #:246236US2S 
INV: Yuui SHIM1ZU, et al. 
SHEET 12 OF 13 




O 

LO, 



CO 



CD 



o 

LO 



LO 



O 
CVI 
LO 



O 
LO 



O 

-CO 
LO 



O 
CD 
CO 



o 
o 

CD 



CD 



CO 
CO 



CO 



4— 
O 



OBLON, SPIVAK, ET AL 
DOCKET #:246236US2S 
INV: Yuui SHIM1ZU, et al. 
SHEETJ2_OF__ 13_ 




